Several reports suggest that college students often have atypical sleep patterns and experience poor sleep quality. We examined the effect of a cognitive behavioral therapy (CBT) based intervention program to improve sleep quality and overall mental health among college students. The intervention was delivered in the form of e-mail newsletters. Fifty-three students participated in the intervention group, and another 50 students participated in the control group. The intervention group received a lecture on sleep hygiene; once-weekly e-mail newsletters on sleep health topics (sleep hygiene, stimulus control, sleep restriction, sleep titration, and relapse prevention) and were asked to maintain a four-week sleep diary. The Pittsburgh Sleep Quality Index (PSQI), a measure of sleep quality, and the Kessler 6, a measure of psychological distress, were administered before the lecture (as the baseline measurement) and again 16 weeks later (follow-up measurement). PSQI and K6 scores were reduced in the intervention group compared with the control group. A CBT-based sleep health program utilizing e-mail newsletters may work to improve sleep quality and mental health. This program may represent a cost effective way for Japanese students to receive treatment for poor sleep and may also serve to prevent psychiatric problems.
Introduction
Several studies suggest that college students often suffer from chronic poor sleep quality and daytime sleepiness [1] . Previous study of medical students, 17.3% of the sample reported abnormal levels of daytime sleepiness, with another 13.3% experiencing borderline impairment in this area [2] . In Canada, 75.6% of university students reported inadequate sleep [3] . The development of the Internet seems to have made an already common problem worse. High use of e-mail or online chatting can disturb sleep, leading to worse mental health [4] . Further technological developments may only compound the problem.
Sleep Problems Induce Undesirable Effects on Academic Performance and Mental Health
Sleep problems have direct detrimental effects. In addition, they can also adversary affect both academic performance and mental health. For example, poor sleep can impair learning performance [1] . Daytime sleepiness is associated with poor academic performance in college students [5] . Over 60% of students in one study were categorized as poor-quality sleepers, with these individuals reporting more problems with physical and psychological health [6] . A report using DSM-5 criteria showed that 9.5% of college students suffer from chronic insomnia. They also reported worse sleep, fatigue, depression, anxiety, stress and reduced quality of life, as well as greater hypnotic and stimulant use for sleep problems [7] . Poor sleep can lead to depression and is a significant risk factor for this condition [8] . College students with depressive symptoms and sleep disturbance also frequently experience anxiety symptoms and hyper-arousal, with corresponding impairments in functioning [9] . It seems clear that sleep problems are a significant risk factor for the development of mental health problems in college students, particularly depression and anxiety.
Intervention for Sleep Problems
Cognitive behavioral therapy for insomnia (CBTI) is a popular treatment for sleep disturbance [10] . CBTI and similar interventions produce reliable changes in several sleep parameters of individuals with either primary insomnia or insomnia associated with medical and psychiatric disorders [11] . For older adults, CBTI can provide greater and more prolonged beneficial effects than sleep medications [12] . It was found that a form of short-term CBTI dubbed brief behavioral therapy was effective for the treatment of sleep disturbance and mood symptoms in cases of residual depression [13] . Despite its demonstrated effectiveness, CBTI is significantly underutilized, likely due to a limited number of trained providers and experts [14] .
Improvement of Accessibility for CBTI
Internet-based treatment options and stepped-care models might be feasible treatment options, largely due to cost effectiveness and increased accessibility [15] . A randomized controlled trial of a 5-week online CBTI intervention revealed significant improvement on measures such as total sleep time, time awake in the middle of the night and sleep efficiency, although an individual CBTI group also showed improvement, with effect sizes similar across the groups [16] . It was shown improvements in self-reported sleep quality after internet-delivered CBTI, with gains maintained at 6-month follow-up [17] . These results show the use of internet CBTI with automated support and a community forum is effective in improving the sleep and associated daytime functioning of adults with insomnia disorder [18] . Thus, unsupported self-help CBTI could be an effective first option offered in a stepped care approach when treating insomnia [19] .
Accessible Sleep Treatment for College Students
For college students, it is important not only to treat existing insomnia, but also to prevent sleep problems, depression and related psychiatric disorders. Knowledge of sleep hygiene is related to sleep practices, which also contributes to the quality of sleep [20] , and in one study, psychological education about sleep improved sleep quality and sleep hygiene behaviors at 6 weeks post treatment [21] . Intervention offered in introductory college psychology courses accompanied by supplemental online instruction can improve knowledge concerning sleep and sleep health, and increase the likelihood that students improve their personal sleep habits [22] . A previous study showed that eight weeks of e-mail delivered cognitive behavioral therapy (CBT) targeting sleep health improved sleep quality and reduced depressive symptoms in students with poor sleep, but potential preventative benefits were not assessed here because no healthy participant sample was included [23] .
The purpose of the present study was to develop and validate a CBTI-based program that can be used both to treat students already experiencing poor sleep and prevent students with good sleep from subsequently developing sleep or sleep-associated psychiatric problems such as depression. We developed a relatively short fourweek intervention based on brief behavioral therapy [13] , shown to produce robust effects in four weeks and likely to be more suitable for college students with good sleep, a population who may not demonstrate high levels of interest and motivation to engage in psychological treatment. We expected to observe prophylactic effects on both sleep problems and depression, given that brief behavioral therapy is efficacious in both cases. The brief behavioral therapy program was modified to make it suitable for use as an e-mail delivered program.
Method
We conducted a quasi-experimental study. The study was approved by the ethics committee of Tokyo Seitoku University (No. and conforms to the Declaration of Helsinki. Informed consent was obtained. Data were collected and analyzed pseudonymously. This study was registered in the national UMIN Clinical Trials Registry (ID: UMIN000012471).
Participants
All participants were recruited from two introductory psychology classes in the same college. In one class, students were asked to complete the baseline questionnaire assessment and then received a sleep hygiene lecture as a part of the course. Students in this class were then invited to take part in an additional e-mail based program. Sixty-six students of the 87 attendees agreed to complete the baseline assessment and participate in the e-mail program. Students in the second class underwent a similar recruitment procedure, except that they did not receive the sleep hygiene lecture. Fifty-seven of 83 attendees agreed to participate. In total, 66 students participated in sleep hygiene and e-mail group (intervention group) and 57 participated in the control group at baseline. The intervention group included 49 females (72%) and the control group included 27 females (46%).
The sample size was based on a power analysis conducted for PSQI scores. The effect size was estimated from previous studies on sleep hygiene and preventive interventions.
In the previous study, a self-help book treatment for insomnia yielded a Cohen's d of 0.61 at 3 months followup [24] . We expected a comparable effect size (d = 0.6). Power calculations were performed using G * Power software version 3.0.3 [25] . In order to detect an effect size of 0.60 or greater at an alpha error rate of 0.05 and a beta error rate of 0.20, the estimated sample size was 45 participants per arm. Based on previous studies showing dropout rates of around 30%, we derived a necessary sample size of 65 participants per arm [21] .
Materials
The baseline survey included a demographic information questionnaire, the Japanese version of the Pittsburgh Sleep Quality index (PSQI-J), and the Japanese version of the Kessler 6 (K6).
The Pittsburgh Sleep Quality Index (PSQI) is one of the most widely used standardized questionnaires to assess subjective sleep quality [26] . The PSQI-J is a validated self-report questionnaire that assesses sleep quality and disturbances over a one-month time interval. The 19 items in the index comprise seven component scores that reflect subjective sleep quality and disturbances. The sum of the scores for these seven components yields a global sleep quality score with a range of 0 -21 points. Using a cut-off point of 5.5 for PSQI-J global scores, one investigation found sensitivity and specificity values of 85.7% and 86.6% of primary insomnia, and 80.0% and 86.6% for major depression [27] .
The K6 is a self-report questionnaire used to screen for common mental disorders and based on modern item response theory methods. This measure consists of questions that are maximally discriminative of respondents in the 90th -99th percentile range of the general population distribution, because it is known that between 5% -10% of the population suffer from mental disorders at any point in time [28] . The Japanese version of the K6 is valid for the assessment of psychological distress over a 30-day interval. The sum of scores for 6 items, each rated on a 5-point Likert scale, yields a psychological distress score that ranges from 0 -30 points. The K6 has been found to work as well as or better than some other widely used screening questionnaires [29] .
Procedure
The present set of interventions included sleep hygiene education provided via in-class lecture ( Table 1) and additional e-mail intervention (encompassing stimulus control, sleep restriction, sleep titration and relapse prevention). Participants in the intervention group were also asked to keep a sleep diary. E-mails were delivered once-weekly for 4 weeks ( Table 2) .
Data Analysis
Descriptive statistics and bivariate correlations were calculated for all study variables. Paired t-tests and effect sizes (Cohen's d for paired values) were used to compare values before and after the intervention within each condition. ANCOVA was then conducted to examine the effects of intervention on PSQI and K6 scores, with baseline assessment results as covariate. Effect sizes and 95% confidence intervals were calculated using Cohen's d, calculated by dividing the difference between intervention and control group means at follow-up assessment by the pooled SD.
All statistical analyses (excluding power analysis) were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria) [30] . Figure 1 shows a recruitment flow chart for this study. Dropout rates were 20% in the intervention group and 
Results

2.
Pursue regular physical activity or exercise.
3.
Sleep in a room without lights or sounds.
4.
Sleep in a room with a comfortable temperature.
5.
Take meals on a regular basis.
6.
Avoid the use of caffeinated products after 3 p.m.
7.
Avoid the use of alcohol within 2 hours before going to sleep.
8.
Avoid smoking within 2 hours before going to sleep.
9.
Do not bring worries to bed.
10.
Do not actively pursue falling asleep and looking at the clock. 13% in the control group, from baseline assessment to follow-up assessment. Table 3 gives sex, age and clinical variables for the participants. χ 2 -tests with residual analysis for sex revealed differences between groups, χ 2(1) = 6.15; p = 0.01. Participants in each group were compared using t-tests for age and other continuous measures. No differences were found between the groups for sleep quality/disturbances and mental health status.
ANCOVA revealed a significant main effect of group (intervention group vs control group) on both PSQI (F (1, 98) = 10.75, p < 0.01) and K6 (F (1, 98) = 8.85, p < 0.01) scores. Table 4 presents changes on the score of PSQI and K6 from baseline assessment for follow-up assessment. On PSQI the analysis of data found significantly greater efficacy for intervention group over control group (p = 0.00), with an effect size (d) for intervention against control of 0.59 (95% CI = 0.19 to 0.99). On K6 the analysis of data found significantly greater efficacy for intervention group over control group (p = 0.00), with an effect size (d) for intervention against control of 0.61 (95% CI = 0.21 to 1.01). 
Discussion
In this study, we developed a 4-week e-mail program based on brief CBTI to treat and prevent college students from developing sleep and associated psychiatric problems. The aim was to use a quasi-experimental design to test the efficacy of our program.
First of all, the present dropout rates were revealing. We had a 20% dropout rate in the intervention group and a corresponding rate of 13% in the control group. These data are consistent with previous reports which show almost identical dropout rates, though our participants were a sample of students including those without significant sleep problems [23] [24] . This result indicates that our program can maintain sufficient motivation of students to improve their sleep.
According to the change of PSQI score, our program showed a sufficient effect sizes on the basis of our sample size calculation. Most previous research has targeted only patients or students with sleep problems [23] [24] . But, our study examined potential preventive effects with a sample of healthy controls without sleep problems, finding evidence of both acute treatment and prevention effects. To treat or prevent sleep problems, stepped care principles are recommended [31] . From this point of view, it is important to deliver CBTI to students as the least restrictive therapy. The least restrictive therapy should be a readily accessible form of treatment, provided at the lowest cost, least personal inconvenience to patients, requiring the lowest treatment intensity and least specialist time [32] . Our program can be a new choice of least restrictive therapy for students.
According to the change of K6 score, our program was also associated with reductions in symptoms of depression and anxiety. In Asia, it is reported that 4.0% of college students can be diagnosed with major depression [33] . In the U.S. and Canada, prevalence rates for any depressive or anxiety disorder are around 15.6% for undergraduates and 13.0% for graduate students [34] . Our program appears to have beneficial effects on such symptoms in college students and can be a choice to treat and prevent symptoms of depression and anxiety as least restrictive therapy in symptoms of depression and anxiety.
Although the present study provides some valuable findings, its design imposes the following limitations: 1) This study was conducted only at one college, which results in limited generalizability of its conclusions. 2) This was a non-randomized trial. We cannot therefore conclusively rule out pre-existing group differences as an explanation for our findings despite equivalent PSQI and K6 scores at baseline, and as noted earlier, our intervention group included more females than the control group. It remains unknown whether the observed improvements in sleep quality and mental health severity are related to the natural course of these patterns or sex.
3) The lack of long-term follow-up data limits the generalizability of the study's conclusions in terms of longer-term outcomes. This is an important consideration when evaluating the effectiveness of preventive CBT interventions, given that many previous studies have not assessed long-term outcomes. It should be considered that the longerterm effects, associated relapse rates, cost-effectiveness characteristics, etc. of CBT require further investigation. 4) Medications taken by participants were not considered in this trial.
Future studies should replicate these findings and randomized controlled trials should be conducted with larger and more diverse samples across longer follow-up periods. Despite several limitations, this quasi-experimental study suggests that sleep hygiene and an e-mail-based brief CBTI program is an effective and feasible treatment for college students. Further controlled trials that address the limitations of this study are required.
